Abstract
Introduction
Chronic obstructive pulmonary disease (COPD) is a leading, yet under-recognized, cause of illness and death in the United States (1,2). COPD comprises 2 major lung diseases, chronic bronchitis and emphysema, and these 2 diseases often coexist (3, 4) . The best recognized symptoms of COPD are wheezing, shortness of breath, chronic cough, and chest tightness, which often occur as a result of airflow restriction induced by abnormal inflammatory response to inhaled noxious particles and gases such as tobacco smoke, occupational dust and chemicals, and fumes from biomass fuels (1) (2) (3) (4) (5) .
Despite the well-established risk factors for COPD, few reliable, state-specific prevalence estimates across population subgroups exist (6) (7) (8) . Similarly, state data have rarely been reported on the effect of COPD on health-related quality of life (HRQOL) comparing community-dwelling people with COPD with those without COPD (7, 9) . HRQOL is a major component of overall quality of life and an increasingly important outcome in the study of chronic diseases because it reflects a person's physical and mental functional capacities and perceived general health status (10). It has been suggested that HRQOL should be incorporated into clinical practice guidelines for monitoring chronic disease severity and progression because it provides a personal and dynamic assessment of health status deterioration or improvement (11, 12) .
Although some sociodemographic differences in COPD prevalence have been reported for the Medicare population in South Carolina, these factors have not been studied in the entire adult population in the state (13) . Similarly, no study has been conducted to examine the effect of COPD on HRQOL in South Carolina. To address this information gap, we conducted a large, population-based, cross-sectional study by using data from the Behavioral Risk Factor Surveillance System (BRFSS) to quantify the prevalence of COPD across various population subgroups in South Carolina, and we examined associations between self-reported COPD and HRQOL. Also, we examined how the HRQOL of people with self-reported COPD compares with the HRQOL of people with a self-reported history of myocardial infarction (MI) and people with a self-reported diagnosis of chronic kidney disease (CKD).
Methods

Data source and study subjects
This study used secondary data from the 2011 South Carolina BRFSS. The BRFSS is an ongoing, random-digit-dial telephone survey conducted by state health departments in partnership with the Centers for Disease Control and Prevention (CDC). Detailed description of the survey design and methodology is available elsewhere (14) . BRFSS data are collected annually by using independent probability sampling of households. Trained interviewers make telephone calls to selected households to elicit information from civilian, noninstitutionalized adults aged 18 years or older on health, health risk behaviors, and health care access and use. In 2011, for the first time, the South Carolina BRFSS included a question on COPD, which provided the information needed to estimate COPD prevalence in the state. In 2011, the BRFSS program also introduced a raking system (iterative proportional fitting) that allows for incorporation of cellular phone users in the survey. This system ensures that previously underrepresented population subgroups are adequately captured in the survey (15) . The overall weighted response rate for the South Carolina BRFSS in 2011 was 55% (landline, 60%; cellular phone, 43%), which compares favorably with the national response rate of 50% (landline, 53%; cellular phone, 28%) (16). The response rates were calculated on the basis of response rate formula number 4 of the American Association of Public Opinion Research (http://www.aapor.org/Standard_Definitions2.htm) (16). A total of 12,948 adults participated in the 2011 South Carolina BRFSS program. For the purposes of this study, we excluded respondents with missing data on COPD status (n = 97), leaving a total of 12,851 participants for final analyses. This study was reviewed by the institutional review board of the University of South Carolina and determined to be exempt.
Study variables
COPD status was determined on the basis of survey participants' response to the question, "Have you ever been told by a doctor or health professional that you have COPD, emphysema, or chronic bronchitis?" Affirmative response to this question was used to define the COPD study population. Survey participants who responded no to the question were used as the comparison group.
Differences in the prevalence of COPD were assessed by race, age, sex, education, income, smoking status, and health insurance coverage. Race was defined based on self-reported race/ethnicity and categorized as white, African American, or other. Because of the small number of survey participants representing racial/ethnic groups such as Hispanics, Native Americans, Alaskan Natives, Japanese, and Vietnamese, these groups were combined and classified as "other." Age was categorized as 18 to 44 (referent group), 45 to 54, 55 to 64, and 65 or older. Educational level was based on the highest level of education completed by survey respondents and categorized as less than high school diploma or general equivalency degree (GED), high school diploma or GED, and college graduate (referent group). Information on income was based on respondents' annual household income and reported by predetermined range categorized as less than $25,000, $25,000 to $49,999, and $50,000 or more (referent group). Smoking status was categorized as nonsmokers (referent group), former smokers, and current smokers. Data on smoking duration or dose (pack years) were not available. Health insurance coverage was reported as yes or no and used as such in the analyses. HRQOL was measured by using the following health status and activity limitation measures: general health status, physical health, mental health, and impaired activity (hereafter referred to together as "unhealthy days measures"). General health status measures were based on survey participants' subjective ratings of general health: "Would you say that in general your health is excellent, very good, good, fair, or poor?" General health was dichotomized into excellentto-good, and fair or poor. Physical health was measured by the question: "Now, thinking about your physical health, which includes physical illness and injury, for how many days during the past 30 days was your physical health not good?" Mental health was measured by asking, "Now, thinking about your mental health, which includes stress, depression, and problems with emotions, for how many days during the past 30 days was your mental health not good?" To assess activity limitation, the study participants were asked, "During the past 30 days, for about how many days did poor physical or mental health keep you from doing your usual activities, such as self-care, work, or recreation?" Unfavorable HRQOL was defined as reporting fair or poor general health status rather than good or excellent, or an accumulation of 14 or more physically unhealthy, mentally unhealthy, and impaired activity days rather than fewer than 14 unhealthy or impaired activity days. These measures of unhealthy days are used in BRFSS data and have been validated as appropriate markers of substantial level of impaired HRQOL in the BRFSS population (10,17). In addition to examining HRQOL among respondents with self-reported diagnosis of COPD, we examined HRQOL for respondents with a self-reported history of MI and those with a self-reported diagnosis of CKD for comparison with other chronic diseases.
Statistical analyses
The overall estimate of the COPD prevalence rate for South Carolina and COPD prevalence estimates across population subgroups were age-standardized to the 2000 US population (18) , with the exception of those associated with specific age groups. We used a multivariate logistic regression model to estimate relative odds of COPD, adjusting for race, age, sex, education, income, smoking status, and health insurance coverage. Multivariate logistic regression models were also developed for each of the 4 unhealthy-days measures with adjustment for race, age, sex, education, income, smoking status, and health insurance coverage. These variables were included in each of the 4 logistic regression models to allow for comparisons between models and with findings of prior studies. All statistical analyses were performed using SAS version 9.3 (SAS Institute, Inc., Cary, North Carolina) with statistical significance set at α = 0.05 (2-tailed).
Results
The overall age-adjusted prevalence of self-reported COPD in South Carolina in 2011 was 7.1% (standard error [SE] ±0.3). This percentage equates to approximately 259,080 adults statewide. As expected, the prevalence of selfreported COPD increased with age, ranging from as low as 3.9% (SE, ±0.3) among those aged 18 to 44 years to as high as 12.9% (SE, ±0.5) among those 65 years and older. Women had higher prevalence of self-reported COPD (8.9%; SE, ±0.5) than did men (5.3%; SE, ±0.4). Self-reported diagnosis of COPD was consistently higher for women than for men across all age groups (Figure 1) . The prevalence of self-reported COPD decreased significantly at higher levels of education and income. Respondents who had not attained a high school diploma or GED had higher prevalence of selfreported COPD (13.6%; SE, ≥1.2), than did those with a high school diploma or GED (6.9%; SE, ±0.4) and college graduates (3.3%; SE, ±0.4). Similarly, respondents reporting an annual household income less than $25,000 had higher prevalence of self-reported COPD (11.4%; SE, ±0.7) than did those with annual household incomes of $25,000 to $49,999 (6.1%; SE, ±0.7) and those with incomes of $50,000 or more (3.5%; SE, ±0.4). Self-reported COPD prevalence was highest among current smokers (15.9%; SE, ±0.7); former smokers also had higher prevalence of selfreported COPD (7.9%; SE, ±0.5) than did nonsmokers (3.6%; SE, ±0.2). However, self-reported COPD prevalence did not differ significantly by race or health insurance coverage. Results of the estimated odds ratios were similar to prevalence estimates (Table 1 ). We examined associations between COPD and HRQOL by using multivariate logistic regression models with adjustment for sociodemographic variables (Table 2 ). Relative to those without COPD, survey respondents who reported a diagnosis of COPD were more likely to rate their general health status as fair or poor (adjusted odds ratio [AOR], 3.97; 95% CI, 3.14-5.03), and report 14 or more physically unhealthy days (AOR, 2.10; 95% CI, 1.57-2.81) in the previous 30 days. Similarly, respondents with self-reported COPD were more likely to report 14 HRQOL was also examined among respondents with a history of MI and those with a self-reported diagnosis of CKD and compared with HRQOL in the COPD study population. The odds of reporting fair or poor general health status was increased among those with self-reported COPD (AOR, 3.97; 95% CI, 3.14-5.03) and among those with a history of MI (AOR, 4.81; 95% CI, 3.54-6.56) and those with a self-reported diagnosis of CKD (AOR, 6.22; 95% CI, 4.16-9.31), when respondents with these diseases were compared with those without these diseases.
The odds of reporting 14 or more physically unhealthy days within the previous 30 days among those with selfreported COPD (AOR, 2.10; 95% CI, 1.57-2.81) were similar to those with a self-reported diagnosis of CKD (AOR, 2.15; 95% CI, 1.23-3.77) but higher than those with a history of MI (AOR, 1.50; 95% CI, 1.02-2.21), when respondents with these diseases were compared with those without these diseases. In terms of mental health, self-reported diagnosis of COPD was associated with significantly higher odds of reporting 14 or more mentally unhealthy days within the previous 30 days (AOR, 1.72; 95% CI, 1.21-2.43), but not self-reported history of MI (AOR, 1.14; 95% CI, 0.71-1.83) or self-reported diagnosis of CKD (AOR, 1.70; 95% CI, 0.93-3.61). The odds of reporting 14 or more days of activity limitation within the previous 30 days for those with self-reported COPD (AOR, 2.22; 95% CI, 1.53-3.22) was similar to the odds for those with a self-reported diagnosis of CKD (AOR, 2.47; 95% CI, 1.22-5.01); however, reporting a history of MI was not associated with activity limitation (AOR, 1.41; 95% CI, 0.86-2.33).
Discussion
COPD is a growing, but often neglected public health problem. In 2010, a CDC workgroup embarked on a comprehensive evaluation of the state of knowledge on COPD. This process led to identification of several public health gaps, including limited public awareness of COPD prevalence and outcomes such as hospitalization rates, HRQOL, and mortality (19) . This CDC workgroup identified COPD as an unmet public health need and proposed 4 primary goals to help meet this need, 1 of which is to increase public health research on COPD and prevention strategies (19) . To help meet this goal, we investigated the prevalence of COPD across various population subgroups in South Carolina and examined associations between COPD and HRQOL. We observed a high prevalence of self-reported diagnoses of COPD in South Carolina with significant sociodemographic variations. Adults with self-reported COPD were more likely to report unfavorable HRQOL compared with those without COPD. The odds of a COPD patient reporting a fair or poor general health status were comparable with the odds of a person with a history of MI or a diagnosis of CKD. However, only a self-reported diagnosis of COPD was associated with poorer mental health in this study population.
The prevalence of self-reported COPD in South Carolina in 2011 was higher than the estimated 6.5% prevalence of selfreported COPD for the neighboring state of North Carolina and the national prevalence estimate of 6% (6). However, COPD prevalence estimates from self-reports often underrepresent the true prevalence of the disease in a population (8) . Indeed, it has been demonstrated that a large number of people have undiagnosed COPD, which is primarily due to underuse of spirometry in assessing respiratory illness (20, 21) . For example, analyses of data from The Third National Health and Nutrition Examination Survey, which used information on spirometry diagnosis of COPD, suggest that over 50% of adults with evidence of COPD have never been given a diagnosis of the disease (5). This proportion is much higher for persons with mild-to-moderate disease severity (FEV1 <50% of predicted value) (20) .
As seen in other populations (6) (7) (8) (22) (23) (24) , self-reported COPD in South Carolina was higher in older age groups and in women than in younger age groups and men. Although the higher prevalence of COPD in older age groups is not surprising because of the accumulation of risk factors over a lifetime, reasons why COPD is more prevalent among women are not well understood. However, sex differences in the physiological manifestations of the disease and in diagnostic patterns and susceptibility to the harmful effects of risk factors such as tobacco smoke have been noted (23) . Accumulating evidence also suggests that COPD rates are higher in the poor and the least-educated populations than in the wealthy and well-educated populations (6, 21, 22, 24) . This finding is consistent with the COPD disparities observed in South Carolina. Of all the population subgroups examined, current smokers had the highest prevalence of self-reported COPD. This emphasizes the need for state-wide tobacco cessation policies and programs as a primary prevention measure. However, it is important to note that about a third of people with COPD never smoked (3,4) . Therefore, researchers should explore preventive strategies targeting secondhand smoke exposure, occupational hazards such as exposures to noxious chemicals and dust, and exposure to environmental pollutants such as biomass fuel fumes.
This study also indicates that a self-reported diagnosis of COPD is associated with poor HRQOL. Those who reported a diagnosis of COPD had poorer HRQOL on all 4 core measures of HRQOL than did those without COPD. In particular, self-reported diagnosis of COPD was associated with a higher probability of unfavorable mental health; in contrast, self -reported history of MI and CKD were not associated with unfavorable mental health. This finding is especially noteworthy because it raises an interesting question about whether COPD imposes a greater burden in terms of affective disorders such as anxiety and depression than do other chronic diseases. This question warrants further investigation. It is reasonable to speculate that COPD plays a role in depression and anxiety through hypoxemia, a product of frequent dyspnea associated with the disease, which can trigger these affective disorders (25, 26) . It is also possible that these psychological states are precipitated by fear and misinterpretation of episodes of dyspnea and hyperventilation in COPD as more catastrophic events, escalating into psychological distress such as panic or generalized anxiety (27, 28) . The results, however, suggest that routine assessment of affective disorders, which can affect the disease course, should be incorporated into the clinical management of COPD.
The use of a large, population-based data that is representative of community-dwelling adults in South Carolina is one of the strengths of the study. Incorporation of cellular-phone-only households in the 2011 BRFSS survey also adds to the strength of the study, because it ensures that previously underrepresented population subgroups, particularly, low income, less educated, and younger populations who tend to maintain only cellular phones, are adequately captured in the survey. Inclusion of cellular-phone-only households in the BRFSS reduces nonresponse bias, ensures accurate estimation of population weights, and reduces error in statistical estimates (15) .
The study findings are also subject to some limitations. First, the BRFSS data are based on self-report, which is subject to recall bias that may have resulted in either overestimation or underestimation of COPD prevalence rates. Second, BRFSS does not include COPD patients in long-term care facilities who may have substantial functional limitations and may have reported worse HRQOL than community-dwelling people with COPD. Additionally, this study did not examine COPD duration, severity, or treatment, which may contribute valuable information about HRQOL. Given the cross-sectional nature of the data, assessment of causal effect of COPD on HRQOL over time was not possible. Also, associations between COPD and HRQOL may be influenced by comorbidities. Adults with multiple chronic diseases generally have poorer quality of life than do those with few chronic conditions (29, 30) . It may have also been useful to examine COPD prevalence between cellular-phone-only and landline respondents. However, the iterative proportional fitting method (raking process) used in the statistical weighting process for the 2011 BRFSS data does not permit such analyses.
These results indicate that COPD is highly prevalent in South Carolina and is associated with relatively poor HRQOL. Targeted interventions aimed at reducing risk factors, such as smoking prevention and cessation policies and programs, may reduce the disease prevalence, and increasing early detection and improving access to appropriate medical treatments can improve HRQOL among those living with the disease. 
